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Abstract - In this study, shear strength of composite beams using precast concrete and steel angle trusses was investigated. To verify
the shear strength, angle truss composite beams and ordinary reinforced concrete beams were tested under four-points loading. The
test variables were the use of precast concrete, angle truss, and shear reinforcement. The test shear strength was higher than that of the
current design code due to the contribution of web steel members. A modification of current design equation was proposed to enhance
the accuracy of the strength prediction. The test results showed that shear splitting failure occurred at the interface between the
concrete and the steel angle in the compression zone. Thus, the interface strength should be carefully considered on the design.
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(a) Precast composite section

Steel angle-fabricated truss
(Figure 2, 3)

Transverse reinforcements

Longitudinal reinforcements — \,4 s
N

L U shaped precast concrete ——Mm
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(b) After pouring concrete in field

Fig. 1. Composite beams sections with steel angle-fabricated truss
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Table 2. Test variables and material properties of specimens
Specimen R-C R-PC-S AT-C AT-C-S AT-PC-S
Dimension 500%700 500%700 500%700 500%700 500%700
Concrete Strength (MPa)
Upper part 39.2 39.2
pper p 54.0 54.2 54.2
Lower part 66.8 66.8

Steel Angle Truss
Top / Bot chord -
Yield strengh of chord

2L-75x90%10

2L-75%90%10 2L-75%90%10 2L-75%90%10

- 51 513 513 513
members (MPa) 3
Vertical member - 2L-60x60%6 2L-60x60%6 2L-60x60%6 2L-60x60%6
Yield strengh of vertical
members (MP) - 281 281 281 281
Diagonal member - PL-70-5T PL-70-5T PL-70-5T PL-70-5T
Yield strengh of diagonal

- 284 284 284 284
members (MPa)

Transverse reinforcement - D10@300 - D10@300 D10@300

Yield strength - 456.7 - 456.7 456.7

S0} ARA| S YRtk & 5712 AEAIR Hdstio,
TE AR A H.O ©H] Z2 500 mm, 30]=700 mmE |

51Tk A9A R-C, R-PC-S= YHHAQl AAE T 2| E Atk
AAo] 2L AEA| AT-C, AT-C-S, AT-PC-S=F= EHAZ 1Y
2 Mg EO Ak A olch. AYF Edf A= do[ko = .9
th 9] I EFA (Pratt truss) FEIZ A&Ysto] Algoks ©
oA =230l FZElo], T ol Qo] WAYSHL = Ao}
et 2 Aol A= Algoks BAE AQlst AAslEl theliA
A Aes Bkt B2 EfAY AJade skt
10mm F719] 1731 FARA SM570 A (AIKS SM460) S A
FFoto] Aeiet. &, Aot A= L-73x90x10 (SM570, F, =
513 MPa)E ARESISIAL, AR ARl ZH2 L-60%x60%6
(SS400, AIKS SS275), F, = 284MPa)2} PL-70x5 (SS400, £,
=281MPa)EAFESIRIT Fig. 3. = Y2 EHAY 2HIANEY
BRIt} ESfA0] 7 AXoflA] 17]9] IAEEEM22, FIOT)E
AR&310] 27119] 21A1(2L-60x606)2} 2712] A AR (E= BFA
) (2 L-73x90x10), Z12]2l W59 AFH(PL- 70x5)F 2/
ot ZF Al §2kE s ffolo] Sl oA AARH & 21
stiom, 515 AiotA 82 Hastsl7] Yot EEATY 7]
£23mm= AR o2 E2jA0] 1201=600mmO] 17, %]
A 2 A= 600mm 7H4 0 & v X|sH9ith. T3l ot 7 9
Aois =5 wg WAS] ff6te] PL- 500%200%20
(SS400)2] 7Juto = HAFslodrt.
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HIZIYE HE ATE IF 23 EFA T H(Steel Angle
Truss) S VFEFATE. 5 A Ci= YAV £232ES, PCE
Ebd EITES Vel A HA S ATETS ARSSE S
UeRfch Aebd22 D102 300mm 7H4 0 & Hi351 e,
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* PC : Precast and separation of concrete
* S : Stirrups

Fig. 2. Details of test specimens (unit: mm)
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(a) Bolt connection details

M22 bolt
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(b) Details of A-A section
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Fig. 3. Angle truss bolt connection details and dimensions (unit: mm)
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AAA AT-C-S2 R-C AFA 0 Y2 Ef2eb A
TR Aol £, AT-C AUt thof Ak
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AAE I FAOR HIAE SIgl AA AT-PC-S=
AT-C-S9H U 3 EjA W FHT, AHE T o A= 5
Lok, ZFES e et AgA ol

Table 3-& ARl ARGH AT ZHE HofErt. ZJHe]
7 KS B 08019 55 A[H 0 =2 Ajglslo] A9 5130
1, B2 A5 QVIATE S X151 SAT. Table 39] HLE Al 2%
= 371 AT et Bt ghe LRt Evjao] Aold)ol
SM570 A= BHAIG: B = 209293MPa, BRI F, =
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Table 3. Material properties of steel plates and rebars

t (or D) F, F, Elongation
Materials
(mm) (MPa) (MPa) (%)
SM570-10T
(SM460B) 10.0 513.3 624.3 29
SS400-5T
(SS275) 5.0 283.7 441.3 40
SS400-6T
(S8275) 6.0 281.3 442.7 40
D10 bar
(SD400) 9.5 456.7 602.2 -
D25 bar
(SD600) 25.4 662.7 799.6 -

EgA0] ERA= ARPES ARESISITE Tz ol ARgE &
H791 SS400-5T A= FEAE £, = 283.7MPa, =
F,,=4413MPa 0|l or, &2 40%S et +4 54
of AFE UHPQl SS400-6T FAle FEAE F, =
281.3MPa, QAT F,, =442 7MPa 0] 01, AAIL-L 40%
S eIt A0 2 AR D10 ] JEAE(f, )=
457 MPa, QP73 = 602MPa LFER O, L0 2 ALy
D25 F29] FEA T 663MPa O] 1 Q17 = 800MPag Lt
BT}, 22 EQ| USE ATF Ak AUAE B €70l
7golsto] Table 20 AFAE & 217} e gict
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Fig. 4. Test setup and location of LVDT
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Fig. 5. Damage of specimens at the end of test
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Fig. 6. Load-center displacement relationship of specimens

Failure)i=-#-2]Eld HolA 4002 S UeRdnt. 4= Ex
A5 AREOIA] Q2 URE AET P E Ko Mt AYAQI R-C
=g, R-PC-Si= 2RI = QI AT (DT)2HHE
2ebd Ao A AT T(HSYE AL, 4= ESATHH]
= SHAJ O] Atk AIIA|Q] AT-C, AT-C-S, AT-PC-S= Ak

Table 4. Test results and shear strength predictions

R SUSP) OFF 5150l ZAFITH A 23 3l
o 25 T 7, o2l (DT)o} EAkE B R =S Wl

Wabajol BE)E Bo) ABAZL A5 P A
A9 RCE 315 145KNefH Bizgo] WAsiola, 283kNo
R SIS, o HEh A 691 6N PR 4

Specimen R-C R-PC-S AT-C AT-C-S AT-PC-S
Peak test results (2, kN) 691.6 928.6 1365.6 1887.0 1775.2
Test load at SF™" (P, kN) - - 1092.7 1569 1399.2
Deflection at peak (A, mm) 8.1 15.1 35 29.8 50.1
v, (kN) 368.1 234.8 368.1 368.1 234.8
Concrete
V, (kN) - 102.2 - - 102.2
Stirrup V., (kN) 0.0 129.7 0.0 129.7 129.7
Stecl v, (kN) 0.0 0.0 324.8 324.8 324.8
V., (kN) 0.0 0.0 115.7 115.7 115.7
Failure mode DT DT+HS"™ DT+SE™ DT+SF DT+SF
Vit |V, 1.06 1.01 0.54 0.53 0.53
Vise !V, - - 0.65 0.60 0.64
v, 368.1 466.7 702.2 831.9 800.8
v, !V, 1.06 1.01 1.03 0.88 0.90
V., (= Py/2) - - 546.3 784.5 699.6
V., - - 592.2 775.6 775.6
!V, - - 1.08 0.99 1.11

DT* : Diagonal Tension failure, HS**

: Horizontal Shear failure, SF*** : Shear splitting Failure,
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A5 232E &9 A o]$ skgo] 7ol =
1775.2kN I o]0 Tk =|]c}. AT-PC-S AP A oA =23
2| EQ] BEjed & Qlgf 712jz7|of Eelepde FiojA
wgo] Ao oLt o] uiQls F=2 ESAR Qls) &2lEt
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